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Introduction:
              Compounds containing fluoroquinolone ring system are known to possess antibacterial activity. The presence of fluorine often leads to increased lipid solubility thereby enhancing rates of absorption and transport of drug in vivo. Non-fluorinated quinolones have been considered as the first generation antibacterials during 1960`s. The introduction of fluorine into quinolone moiety gave rise to second generation quinolones includes Norfloxacin, Ciprofloxacin, Enoxacin etc, which are more potent in vitro, broader antibacterial spectra and have good pharmacological property. However, recent investigations have shown the occurrence of multidrug resistance to bacterial infections. One of the examples is Ciprofloxacin, the worldwide sales of this antibiotic with a turnover of $ 1.26 billion in 1995. This drug is showing resistance problem (Chem. Ind. 17-2-1997, page 131). To overcome this problem, a search for new drugs in the form of tricyclic/polycyclic quinolones, which are considered as third generation quinolones has began. Some of them are identifies as more potent than Ciprofloxacin, however over a period of time resistance problem is at stake. Thus, an extensive research is under progress to get new lead molecules. Preparation of nucleic acid substituted quinolones and other substitutions at different places are considered as fourth generation anti-bacterial compounds retaining the basic skeleton in the structure.
The broad objective of the present research programme is to make a systematic study on the synthesis of α-aminoacid functionalised quinolone anti-bacterial agents as target molecules. And also studies on the formation of hetero ring fused benzimidazoles and strategic new synthetic methodologies for 4(3H) quinazolinones, 4H-pyrans and homoallylic alcohols are well presented. The thesis entitled Synthesis of α-amioacid functionalised novel fluoroquinolones as anti-bacterial agents, polycyclic benzimidazoles & development of new methodologies consists of introduction to quinolone class of compounds, their methods of synthesis and advanced techniques used for organic synthesis are described in Chapter-1. Chapter- 2 deals with the synthesis of novel trifluoromethyl substituted isoindolo benzimidazoles by an elegant method, mechanism of formation of products and structural elucidation by spectra. The chapter-3 covers the efforts to make isoindolo imidazo fused quinolones from the isoindolo benzimidazoles and synthesis of α-amino acid functionalised fluoroquinolones, from quinoline-3-carboxylic ester. The synthesis of α-aminoacid functionalised novel 7-trifluoromethyl substituted quinolones, from quinoline-3-carboxylic ester are described in Chapter-4. Chapter-5 deals with the methodologies developed for quinazolinones, poly functionalised 4H-pyrans and synthesis of homoallylic alcohols. Chapter-VI describes the anti-bacterial activity studies of various fluoro-quinolone compounds synthesized in earlier chapters.
Chapter –1:- A Micro Review on fluoroquinolones & advanced techniques in organic synthesis. 
The Fluoroquinolones are analogues of the earlier developed antibacterial agent Nalidixic acid 1. Since the discovery of Norfloxacin 2 in the early 1980`s, an intense research efforts in this class of anti-bacterials was in progress and many fluorinated quinolones like Ciprofloxacin 3, Ofloxacin 4, Enoxacin 5, Pefloxacin 6, Lomefloxacin 7, Fleroxacin 8, Sparfloxacin 9, Tosufloxacin 10 etc. have been successfully developed with structural modifications for clinical uses as broad spectrum antibacterials.



	The importance of fluorine in drug molecules and the synthetic approach of substituted quinolones, hetero ring fused tricyclic and polycyclic quinolones and nucleic acid substituted quinolones are well described. 
	A brief intoduction, principle and synthetic application of microwave irradiation technique is also described.


Chapter–2:- Synthesis of novel trifluoromethyl substituted Isoindolo      benzimidazoles
          A number of trifluoromethyl substituted heterocyclic compounds such as Mefloquine, Fluoxetine, Flutamide etc., as Pharmaceuticals, several fungicides, herbicides, pesticides as agrochemicals are available as commercial products. In continuation of our research in the preparation of hetero ring fused quinolones, an active intermediate trifluoromethyl substituted isoindolo benzimidazoles are synthesized. The main synthon 3-nitro-5-trifluoromethyl-o-phenylene diamine is prepared from 4-chloro bezotrifluoride. The synthon on nitration, amination and partial reduction furnished the diamine (Scheme-1). 

Reaction of 3-Nitro-5-trifluoromethyl -1,2- Phenylene Diamine 11 with aromatic/aliphatic anhydrides
The synthesis of new trifluoromethyl-substituted 11H-isoindolo[2,1-a] benzimidazol-11-one derivatives are prepared by the condensation of 3-Nitro-5-trifluoromethyl-O-phenylenediamine and aromatic/aliphatic anhydrides in presence of ZnCl2 under solvent-free microwave irradiation conditions. Due to presence of two deactiving functional groups on O-phenylene diamine, the reaction times are longer with lower yields. In order to reduce the reaction times and to facilitate simplified isolation procedure, the reactions are carried out under microwave irradiation conditions. The formation of the  products depends on the intensity of power used for microwave irradiation conditions. The intermediate 2-aryl benzimidazole derivatives 13 obtained at 450 W and isoindolo benzimidazole 14 are formed at 800 W. The structure of the intermediate 13 is characterized by spectral data and is further confirmed by synthesizing an authentic starting from 3,5-dinitro-4-chloro benzotrifluoride as shown in the Scheme-2. 
All compounds are new and characterized based on their spectral data. In order to generalize the synthetic method, the diamine is reacted with tricyclic anhydride to give 2-aryl benzimidazole 15 and further cyclisation furnished pentacyclic derivative 16.
This work has been published in Heterocycles, 2005, 65, 10, 2329-2337.

Chapter – 3: - Synthesis of α-aminoacid functionalised novel 6-fluoroquinolones 
           Trifluoromethyl substituted nitro-isoindolo benzimidazole 14 on reduction with Pd/H2 gave the corresponding amine derivative 18. The latter on treatment with EMME in refluxing diphenyl ether resulted open chain derivative 19. This open chain compound 
 under different set of conditions including heating in presence of either PPA or diphenyl ether did not under go cyclisation except recovery of starting material. This is attributed to the presence of powerful electron withdrawing trifluoromethyl group which deactivated ortho position as a result no cyclisation (Scheme-3).  
 
 Unsuccessful attempts to synthesise isoindolo imidazole ring fused quinolones led to the preparation of α-aminoacid functionalised fluoroquinolones of much higher potent molecules than hetero fused quinolones. 
α-Amino acid functionalised fluoroquinolones:
The synthetic methodology involves condensation of 3-chloro-4-fluoro aniline 20 with EMME and its thermal cyclisation gave compound 21. The 6-fluoro-quinoline ester 21 is an interesting and important synthon is further utilized in synthesis of a new series of α-aminoacid functionalised fluoro-quinolones.
Thus the 6-fluoro-quinoline ester 21 was treated with various α-aminoacids (L-aminoacids) in 1:2 proportions under basic conditions resulted the compound 22. Based on spectral data they are characterised as α-aminoacid functionalised quinolones (3-substituted). Compound 22 is alkylated by ethyl iodide with an aim to get N-ethylated compound and in that process acid group is also esterified as 23. Further hydrolysis of the ester compound 23 with LiOH gave the corresponding acid 24. The chlorine group is replaced with piperazine ring to afford the target compound 25 (Scheme-4).

The target molecule α-amioacid functionalised 6-fluoro-quinolones 25 and their intermediates 22, 23, 24 (total 24 new compounds) are evaluated for their antibacterial activity.
Chapter – 4: - Synthesis of α-aminoacid functionalised novel 7-trifluoromethyl substituted quinolones. 
Fluorine containing α-aminoacid functionalised quinolones showed promising activity against Gram +ve and Gram –ve species comparable with Ciprofloxacin. The presence of trifluoromethyl group in the molecule is hopefully enhance the activity. Thus we have designed the synthetic strategy to prepare CF3 substituted α-amioacid functionalised quinolones to see their bioactivity.
Condensation of 3-trifluoromethyl aniline 26 with EMME and thermal cyclisation gave compound 27. The 7-trifluoromethyl quinoline ester 27 is reacted with α-aminoacids (L-aminoacids & D-aminoacids) in 1:2 proportions under basic conditions to afford the compound 28. Based on spectral data they are characterised as α-aminoacid functionalised 7-trifluoromethyl quinolones (3-substituted). Alkylation of compound 28 with ethyl iodide to get the N-ethylated compounds and acid group is also protected as ester compounds 29. The hydrolysis of the ester functionality of compound 29 with LiOH gave the corresponding acid compound 30 (Scheme-5).

The target molecule α-amioacid functionalised 7-trifluoromethyl substituted quinolones 30 and their intermediates 28, 29 (total 24 compounds) are evaluated for their antibacterial activity.   
Chapter-V: - New synthetic methodologies
The invention of new methodologies for known molecules, which are active, synthons useful for further transformations into bioactive molecules, is an ongoing process. In this direction three ring systems are selected and developed an elegant method of preparation and the details are described.
1. Quinazolinones
Quinazolin-4-(3H)-one derivatives possess a broad spectrum of biological and pharmaceutical activities. Several bioactive natural products contain quinazolinone moiety. The products like, Febrifugine and Isofebrifugine, which are naturally occurring 2- substituted 4-(3H)-quinazolinones, are highly potential antimalerial compounds. 
An one-pot synthesis of 2,3-disubstituted 4 (3H)- Quinazolinones 31 is prepared by  efficient coupling of three components, isatoic anhydride/anthranilic acid, orthoesters and amines in the presence of Nafion- H (perfluorinated resin-sulfonic acid) as a heterogeneous catalyst. The reaction occurred within a few minutes under solvent-free microwave irradiation conditions to afford the products in good yields (Scheme-6). This catalyst has been recovered and recycled without loss of activity. 

This piece of work is published in Synlett, 2006, 15, 2507-2509.
2. Poly functionalised pyrans
The chemistry of polyfunctionalised 4H-pyrans is an on-going area of interest because of their wide range of applications. These 4H-pyrans are Isosters of 1, 4-dihydro pyridine with potential pharmacological interest and active synthons that have been extensively used in heterocyclic synthesis. The 4H-pyrans are synthesized mainly by three-component coupling reaction of aromatic aldehydes, malononitrile and ß-ketones/ ß -diketones catalyzed by bases like triethylamine, piperidine etc. Alkali metal fluorides are also used in solid-liquid reactions more specifically for halogen exchange reactions and the reactivity increases from sodium fluoride to cesium fluoride.  Alkaline metal fluorides or metal salts are also used in amination process and Michael addition reactions.  In continuation of our interest in the development of new procedures by using suitable catalysts from simple available starting materials, we developed first time a novel methodology for the synthesis of polyfunctionalized   4H-pyrans in shortest reaction time using Rubidium fluoride as a catalyst.			
The methodology involves an aldehyde, active methylene compound and a third component 1,3-diethyl acetone dicarboxylate/ethylacetoacetate/1,3-diketones/ diethyl malonate in presence of catalytic amount of Rubidium fluoride under thermal conditions to give the desired pyrans.  The rubidium fluoride acts as a base and promotes reaction by abstracting a proton from active methylenes sequentially in two folds as a result the Knoevenagel condensation with aromatic/aliphatic aldehydes and malononitrile to form an alkene intermediate which in situ reacts with 1,3-diethyl acetone dicarboxylate/ethylacetoacetate/1,3-diketones/diethyl malonate by Michael addition to give polyfunctionalized 4H-pyrans 32 in good yields (Scheme-7).  

These results are published in Synthetic Communications, 2004, 23, 4431- 4437. 
3. Homoallylic alcohols
In recent years the synthesis of homoallylic alcohols has become an intense research area. Homoallylic alcohols are useful tools for the construction of complex molecules and can be easily converted into many important building blocks for natural products synthesis. Lewis acid catalyzed C-C bond forming reactions have gained much importance in organic synthesis because of their mild reaction conditions and high selectivity. Recently, we found that GdCl3.6H2O has become an attractive candidate as a powerful Lewis acid in C-C bond forming transformations, which would extend the scope and generality of these allylation reactions. 
Carbonyl compounds efficiently undergo nucleophilic addition reactions with allylstannanes in the presence of GdCl3.6H2O in acetonitrile under extremely mild reaction conditions to give the corresponding homoallylic alcohols in excellent yields and with high chemoselectivity.





These results are published in Tetrahedron Lett., 2006, 47, 4315-4318.

Chapter – VI: - Anti-bacterial activity of Fluoro-quinolones
Chapter- VI describes the studies of anti-bacterial activity of the α-aminoacid functionalised Fluoro-quinolones. These compounds are tested for their antibacterial activity against Gram +ve (Bacillus Subtilis, Staphylococcus Epidermidis and Staphylococcus Aureus) and Gram -ve (Escherichia Coli, Klebsiella aerogene and Pseudomonas Aeruginosa) species. The tests adopted for screening and results exhibited by the compounds are described. The preliminary results showed that some of the compounds have promising activity.





